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CATALYST AND PROCESSES FOR THE 
SELECTIVE HYDROGENATION OF 
UNSATURATED COMPOUNDS IN 
HYDROCARBON STREAMS 

The present invention relates to noble metal-containing 
catalysts on an alumina support and processes for the 
selective hydrogenation of unsaturated compounds in hydro 
carbon streams containing said compounds With the use of 
these catalysts. 

In re?neries and petrochemical plants, hydrocarbon 
streams are produced, stored and processed on a large scale. 
These hydrocarbon streams frequently contain unsaturated 
compounds, the presence of Which is knoWn to give rise to 
problems, in particular during processing and/or storage, or 
Which are not the desired product, and Which therefore are 
undesired components of the corresponding hydrocarbon 
streams. General overvieWs of such problems in steamcrack 
ers and conventional solutions are given, for example, by 
H.-M. Allmann, Ch. Herion and P. Polanek in their lecture 
“Selective Hydrogenations and Puri?cations in the Steam 
cracker DoWnstream Treatment” at the DGMK Conference 
“Selective Hydrogenation and Dehydrogenation” on Nov. 
11 and 12, 1993 in Kassel, Germany, the manuscript of 
Which has also appeared in Conference Report 9305 of 
DGMK Deutsche Wissenschaftliche Gesellschaft fiir Erdol, 
Erdgas und Kohle e. V., Hamburg, pages 1—30, (ISSN 
0938-068X, ISBN 3-928164-61-9), and M. L. Derrien in: L. 
Cerveny (Editor), Stud. Surf. Sci. Catal., Vol. 27, pages 
613—666, Elsevier, Amsterdam 1986. 

Usually, the by-product acetylene is undesired in C2 
streams of steamcrackers, the by-products propyne and 
allene are undesired in C3 streams and the by-products 1 
and 2-butyne, 1,2-butadiene and vinylacetylene are undes 
ired in C4 streams if 1,3-butadiene is to be obtained as the 
desired product and further processed, and said by-products 
and 1,3-butadiene itself Where 1-butene, 2-butene (in the cis 
and/or the trans form) or isobutene are the desired products. 
In the processing of C5+ streams (CS+: hydrocarbons hav 
ing at least 5 carbon atoms, pyrolysis gasoline), di- and 
polyenes, such as pentadiene and cyclopentadiene, alkynes 
and/or aromatics having unsaturated substituents, such as 
phenylacetylene and styrene, are undesired in the production 
and processing of aromatics or carburetor fuel. 

In hydrocarbon streams originating from an FCC cracker 
or reformer instead of a steamcracker, analogous problems 
occur. A general overvieW of such problems, especially in 
the case of C4 and C5 + streams from FCC crackers, is given, 
for example, by J. P. Boitiaux, C. J. Cameron, J. Cosyns, F. 
Eschard and P. SarraZin in their lecture “Selective Hydro 
genation Catalysts and Processes: Bench to Industrial Scale” 
at the DGMK Conference “Selective Hydrogenation and 
Dehydrogenation” on Nov. 11 and 12, 1993, in Kassel, 
Germany, the manuscript of Which has also appeared in 
Conference Report 9305 of the DGMK Deutsche Wissen 
schaftliche Gesellschaft fiir Erdol, Erdgas und Kohle e. V., 
Hamburg, pages 49—57, (ISSN 0938-068X, ISBN 3-928164 
61-9). 

In general, unsaturated compounds having triple bonds 
(alkynes) and/or diunsaturated compounds (dienes) and/or 
other diunsaturated or polyunsaturated compounds 
(polyenes, allenes, alkynenes) and/or aromatic compounds 
having one or more unsaturated substituents (phenylalkenes 
and phenylalkynes) therefore have to be removed from 
hydrocarbon streams in order to obtain desired products, 
such as ethylene, propylene, 1-butene, isobutene, 1,3 
butadiene, aromatics or carburetor fuel in the required 
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2 
quality. HoWever, not every unsaturated compound is 
alWays an undesired component Which has to be removed 
from the hydrocarbon stream in question. For example, 
1,3-butadiene, as indicated above, is an undesired 
by-product or the desired product depending on the appli 
cation. 

The removal of undesired unsaturated compounds from 
hydrocarbon streams containing them is frequently carried 
out by selective hydrogenation of some or all of the undes 
ired unsaturated compounds in the corresponding hydrocar 
bon stream, preferably by selective hydrogenation to give 
more highly saturated compounds Which present no prob 
lems and, in a particularly preferred manner, to give com 
ponents of the hydrocarbon stream Which constitute the 
desired products. For example, acetylene is hydrogenated to 
ethylene in C2 streams, propyne and allene to propylene in 
C3 streams, butyne to butenes, vinylacetylene to 1,3 
butadiene and/or 1,3-butadiene to butenes in C4 streams and 
phenylacetylene and styrene to ethylbenZene, cyclopentadi 
ene to cyclopentene and pentadiene to pentene in C5+ 
streams. 

Typically, such compounds have to be removed to 
residual contents of a feW ppm by Weight. (Over) 
hydrogenation to give compounds Which are more highly 
saturated than the desired product and/or the parallel hydro 
genation of a desired product containing one or more 
multiple bonds to give the corresponding more highly or 
completely saturated compound should hoWever as far as 
possible be avoided oWing to the associated loss of value. 
The selectivity of the hydrogenation of the undesired unsat 
urated compounds must therefore be as high as possible. In 
addition, a sufficiently high activity of the catalyst and a long 
time-on-stream are generally desirable. At the same time, the 
catalyst should as far as possible not give rise to any other 
undesired secondary reactions; for example, catalysis of the 
isomeriZation of 1-butene to 2-butene, With the exception of 
special cases, should as far as possible be avoided. Usually, 
supported noble metal catalysts in Which noble metal is 
deposited on a catalyst support are used. A frequently used 
noble metal is palladium and the support is generally a 
porous inorganic oxide, for example silica, an 
aluminosilicate, titanium dioxide, Zirconium dioxide, Zinc 
aluminate, Zinc titanate and/or mixtures of such supports, 
but alumina or silica is generally used. Furthermore, pro 
moters or other additives may be present. Processes for the 
selective hydrogenation of unsaturated compounds in hydro 
carbon streams containing them are knoWn both in the form 
of liquid-phase hydrogenation or mixed gas/liquid-phase 
hydrogenation, by the trickle-bed or liquid-phase procedure, 
and in the form of pure gas-phase hydrogenation, various 
process engineering measures for improving the selectivity 
having been published. 

For example, EP-A 87980 describes such a process in a 
?xed-bed reactor, in Which the hydrogen for the hydroge 
nation is fed in at tWo or more points along the reactor, With 
the result that a higher selectivity is achieved. EP-A 523482 
discloses carrying out such a process in tWo reaction Zones 
connected in series, With the result that the undesired ove 
rhydrogenation to n-butane is substantially suppressed and 
the total selectivity also increases. EP-A 81041 states that 
the addition of carbon monoxide reduces the hydrogenation 
and isomeriZation activity of the palladium used as catalyst 
metal and thus increases the selectivity. JP-A 01-110594 
describes the addition of further electron donor compounds, 
either by doping the catalyst, for example With alkali metals, 
or by addition to the reaction mixture, for example of 
alcohols, ethers or nitrogen-containing compounds. 
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The use of promoters or dopants in addition to the 
catalyst metal actually having hydrogenation activity is also 
knoWn. Thus, J. P. Boitiaux, J. Cosyns, M. Derrien and G. 
Léger in Hydrocarbon Processing, 3 1985, 51—59, describe 
the use of bimetallic catalysts, in particular those Which 
contain metals of group VIII (current IUPAC nomenclature: 
groups 8, 9 and 10), especially palladium, and metals of 
group IB (current IUPAC nomenclature: group 11) of the 
Periodic Table of Elements. EP-A 564328 and EP-A 564329 
describe the use of catalysts Which contain metals of group 
VIII, especially palladium, and metals of group IIIA (current 
IUPAC nomenclature: group 3), specially indium or gallium, 
and their use. EP-A 89252 discloses a process for the 
preparation of a supported catalyst containing palladium and 
gold and the use of said catalyst. US-A 5,475,173 discloses 
a catalyst containing palladium, silver and alkali metal 
?uoride. EP-A 722776 discloses a catalyst Which is particu 
larly resistant to contamination With sulfur and Which con 
sists of palladium, at least one alkali metal ?uoride and 
optionally silver on an inorganic support, such as TiO2, ZrO2 
or preferably A1203. EP-A 211381 describes the use of a 
catalyst Which comprises a metal of group VIII of the 
Periodic Table of Elements, preferably Pt, at least one metal 
selected from lead, tin and Zinc and an inorganic support. 
The catalyst preferred there is platinum on a Zinc spinel 
support (ZnAl2O4). U.S. Pat. No. 4,260,840 describes cata 
lysts Which contain palladium and chromium and have a 
particularly loW isomeriZation tendency. 

It is also possible to in?uence the properties of the 
catalyst used not only by process engineering measures or 
the use of speci?c additives but also by means of the type of 
support and the manner of distribution of the active material 
over the internal and external surface of the support. 

Thus, DE-A 31 19 850 discloses the use of a catalyst 
Which consists of palladium and silver on an SiO2 support 
having a BET surface area of from 10 to 200 m2/g or on an 
A1203 support having a BET surface area of less than 100 
m2/g. DE-A 20 59 978 describes palladium catalysts on an 
alumina support (alumina is a common synonym for alumi 
num oxide). The support has a BET surface area of about 
120 m2/g and, before deposition of the palladium, is ?rst 
subjected to a steam treatment at 110—300° C. and then 
calcined at 500—1200° C. 

In their lecture “The Huls Process for Selective Hydro 
genation of Butadiene in crude C4s—Development and 
Technical Application” at the DGMK Conference “Selective 
Hydrogenation and Dehydrogenation” on November 11 and 
12, 1993, in Kassel, Germany, the manuscript of Which has 
also appeared in the abovementioned Conference Report, 
pages 31—48, K. H. Walter, W. Droste, D. Maschmeyer and 
F. Nierlich pointed out the importance of the match betWeen 
diffusion and reaction rate in the catalyst particle for the 
process and described catalysts in Which palladium is con 
centrated virtually exclusively on the external surface of the 
support particles (coated catalysts). EP-A 780155 discloses 
a catalyst Which consists of palladium and a metal of group 
IB of the Periodic Table of Elements on an A1203 support, 
at least 80% of the Pd and 80% of the metal of group IB 
being concentrated in those volume parts of the catalyst 
particle Which are bounded by the radius of the catalyst 
particle and a distance from the mid point Which corre 
sponds to 0.8 times this radius. EP-A 653243 describes a 
catalyst in Which the active components are present pre 
dominantly in the meso- and macropores of the support. 

EP-A 576828 describes catalysts for the selective hydro 
genation of unsaturated compounds in hydrocarbon streams, 
Which consist of noble metal or noble metal compounds on 
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4 
a special A1203 support, the catalyst being de?ned by a 
speci?c X-ray diffraction pattern. This X-ray diffraction 
pattern is predominantly determined by the support and in 
this case is typical of the n-AlzO3 and/or Y-AIZO3 modi? 
cations. U.S. Pat Nos. 3,615,207 and 3,635,841 describe 
palladium catalysts on supports comprising 6- and 
0-aluminas Which are free of ot- and y-aluminas, and their 
use for the hydrogenation of alkylanthraquinones. 

The requirements as regards the catalysts and processes 
for the selective hydrogenation of undesired unsaturated 
compounds in hydrocarbon streams containing said com 
pounds With regard to reducing the residual content of 
undesired unsaturated compounds after the hydrogenation 
and to increasing the selectivity are constantly groWing. 
Although the knoWn processes and catalysts already operate 
at a very high technical level, they are still unsatisfactory in 
vieW of the increasing requirements. 

It is an object of the present invention to provide an 
improved catalyst and an improved process for the selective 
hydrogenation of unsaturated compounds in hydrocarbon 
streams containing them. 

We have found that this object is achieved by a catalyst 
Which comprises at least one metal having hydrogenation 
activity on an alumina carrier and, in the unused state, shoWs 
re?ections in the X-ray diffraction pattern Which correspond 
to the folloWing lattice plane spacings: 

Lattice plane spacing d 
[10’10 m] Relative intensity I/I0 

4.52 0.05 {O 0.1 
2.85 0.35 {O 0.45 
2.73 0.65 {O 0.8 
2.44 0.45 {O 0.55 
2.31 0.35 {O 0.45 
2.26 0.35 {O 0.45 
2.02 0.45 {O 0.6 
1.91 0.3 {O 0.4 
1.80 0.1 {O 0.25 
1.54 0.25 {O 0.35 
1.51 0 {O 0.35 
1.49 0.2 {O 0.3 
1.45 0.25 {O 0.35 
1.39 1 

We have also found a process for the preparation of this 
catalyst and processes for the selective hydrogenation of 
unsaturated compounds in hydrocarbon streams containing 
them With the use of the novel catalyst. 

X-ray diffraction patterns are characteristic of the spe 
ci?c structure for the material investigated. The structure of 
the novel catalyst is sufficiently determined by the occur 
rence of the abovementioned re?ections and differs from 
that of the knoWn catalysts. In addition to the abovemen 
tioned characteristic re?ections, one or more re?ections of 
any intensity may occur in the X-ray diffraction pattern for 
the lattice plane spacings (all in the unit [10'10 3.48, 
2.55, 2.38, 2.09, 1.78, 1.74, 1.62, 1.60, 1.57, 1.42, 1.40 
and/or 1.37. Furthermore, any further re?ections may occur 
in the X-ray diffraction pattern of the novel catalyst. 

Especially in the selective hydrogenation of alkynenes to 
alkadienes, in the selective hydrogenation of alkynes, 
alkynenes and alkadienes to alkenes and/or in the selective 
hydrogenation of phenylalkynes to phenylalkenes and/or 
phenylalkanes and/or for the selective hydrogenation of 
phenylalkenes to phenylalkanes, the novel catalyst has 
excellent properties, in particular a high selectivity When 
carrying out the process With the starting materials both in 
the liquid phase or in the mixed liquid and gas phase and in 
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the gas phase. When the novel catalyst is used, the undesired 
overhydrogenation to the saturated hydrocarbons, for 
example propane, n-butane or the C5+ alkanes, and the 
isomeriZation of 1-butene to 2-butene, Which is undesired in 
the selective hydrogenation of C4 streams, occur only to a 
surprisingly small extent. In addition, the catalyst is com 
paratively active and can be operated over comparatively 
long periods. The novel catalyst also has these advantageous 
properties Without further process engineering measures, for 
example Without the addition of carbon monoxide or 
alcohols, ethers or nitrogen-containing compounds. 

The support consists essentially of alumina Which, apart 
from unavoidable impurities, may also contain a certain 
amount of other additives, provided that the structure of the 
catalyst, Which is characteriZed by the abovementioned 
X-ray diffraction pattern, is not altered thereby. For example, 
other inorganic oxides, such as oxides of metals of group 2, 
3, 4, 13 and 14 of the Periodic Table of Elements may be 
present, in particular silica, titanium dioxide, Zirconium 
dioxide, Zinc oxide, magnesium oxide and calcium oxide. 
The maximum content of such oxides other than alumina in 
the support is dependent on the oxide actually present but 
can in speci?c cases readily be determined on the basis of 
the X-ray diffraction pattern, since a change in the structure 
is associated With a signi?cant change in the X-ray diffrac 
tion pattern. In general, the content of such oxides other than 
alumina is beloW 50, preferably beloW 30, particularly 
preferably beloW 10, % by Weight. 

For the preparation of the support, a suitable aluminum 
containing raW material, for example boehmite, is peptiZed 
With a peptiZing agent, such as Water, dilute acid or dilute 
base. The acid used is, for example, a mineral acid, for 
example nitric acid, or an organic acid, such as formic acid, 
and the base used is an inorganic base, such as ammonia. 
The acid or base is in general dissolved in Water. A prefer 
ably used peptiZing agent is Water or dilute aqueous nitric 
acid. The concentration of the nonaqueous fraction of the 
peptiZing agent is in general from 0 to 10, preferably from 
0 to 7, particularly preferably from 0 to 5, % by Weight. After 
the peptiZation, the support is molded and the moldings are 
then dried and calcined. 

Boehmite (ot-AlO(OH)) is a Widely available commer 
cial product but can also be prepared in a knoWn manner 
immediately before the actual preparation of the support, by 
precipitation from a solution of an aluminum salt, for 
example aluminum nitrate, With base, isolation, Washing, 
drying and calcination of the precipitated solid. Advanta 
geously boehmite in the form of a poWder is used. Asuitable 
commercial boehmite poWder is, for example, Versal® 250, 
Which is obtainable from Euro Support, Amsterdam. The 
boehmite is treated With the peptiZing agent by moistening 
it With the peptiZing agent and thoroughly mixing it, for 
example in a kneader, mixer or edge mill. The peptiZation is 
continued until the material is readily moldable. The mate 
rial is then molded by means of conventional methods to 
give the desired support moldings, for example by extrusion, 
pelleting or agglomeration. Any knoWn method is suitable 
for molding, if necessary, conventional additives may be 
used. Examples of such additives are extrusion or pelleting 
assistants, such as polyglycols or graphite. 

It is furthermore possible to mix With the raW support 
material, prior to molding, additives Which, as opening 
materials, in?uence the pore structure of the support in a 
knoWn manner after calcination, for example polymers, 
?bers, natural opening materials, such as nutshell meals, or 
other conventional additives. It is preferable to use boehmite 
in a particle siZe distribution and to add opening materials 
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6 
Which lead to a pore radius distribution of the prepared 
support in Which 50—90% by volume of the total pore 
volume are in the form of pores having a mean diameter of 
from 0.01 to 0.1 micrometer and from 10 to 50% by volume 
of the total pore volume are in the form of pores having a 
mean diameter of from 0.1 to 1 micrometer. The measures 
required for this purpose are knoWn to a person skilled in the 
art. 

After molding, the moldings are dried in a conventional 
manner, in general at above 60° C., preferably above 80° C., 
particularly preferably above 1000 C., for example at from 
120° C. to 300° C. The drying is continued until Water 
present in moldings has essentially completely escaped from 
the moldings, Which is generally the case after a feW hours. 
Customary drying times are from one to 30 hours and are 
dependent on the drying temperature set, a higher tempera 
ture reducing the drying time. Drying can be further accel 
erated by using reduced pressure. 

After drying, the moldings are converted into the ?nished 
support by calcination. The calcination temperature is from 
900° C. to 1100° C., preferably from 950° C. to 1050° C., 
particularly preferably from 980° C. to 1030° C. The calci 
nation time is in general from 0.5 to 5, preferably from 1 to 
4, particularly preferably from 1.5 to 3, hours. The calcina 
tion is carried out in a conventional furnace, for example in 
a rotary furnace, in a belt calciner or a chamber furnace. The 
calcination can folloW the drying directly, Without interme 
diate cooling. The BET surface area of the support thus 
prepared is usually 30—120 m2/g. The surface area can be 
varied by knoWn methods (in particular the use of more 
?nely divided or coarser starting materials, calcination time 
and calcination temperature). The BET surface area is 
preferably from 40 to 100, particularly preferably from 60 to 
90, mZ/g. Like the BET surface area, the pore volume, too, 
can be varied in a knoWn manner; in general, it is from 0.3 
to 1.0 ml/g, measured by means of mercury porosimetry. It 
is preferably from 0.4 to 0.9, particularly preferably from 0.5 
to 0.8, ml/g. 

After the calcination, the active material and, if required, 
further additives are deposited on the support thus prepared. 

The catalyst may contain one or more metals having 
hydrogenation activity, additives and/or promoters. 

The metals of groups 8, 9 and 10 of the Periodic Table of 
Elements are particularly suitable as metals having hydro 
genation activity in the novel catalyst, in particular 
ruthenium, rhodium, palladium and/or platinum. Platinum 
and/or palladium are particularly suitable and palladium is 
very particularly preferred. The catalyst may furthermore 
contain all additives and promoters knoWn for catalysts for 
the selective hydrogenation of polyunsaturated compounds. 
For example, the novel catalysts may also contain at least 
one metal from group 11 of the Periodic Table of Elements 
in addition to the metal or the metals from groups 8, 9 and 
10 of the Periodic Table of Elements. In this case, copper and 
silver are preferred as elements of group 11, silver being 
particularly preferred. Furthermore, in this case the catalyst 
very particularly preferably contains palladium and silver. 

The metals may be present in pure metallic form but also 
in the form of compounds, for example in the form of metal 
oxides. Under the operating conditions of a hydrogenation 
process, they are present in general in the form of metals. 
The conversion of any oxides into metals can be effected in 
a knoWn manner before the use of the catalyst in a hydro 
genation process by preliminary reduction and, if required 
for manipulations With the prereduced catalyst, subsequent 
surface passivation. 

The content of a metal or metals of groups 8, 9 and 10 
of the Periodic Table of Elements, in particular palladium, in 



US 6,437,206 B1 
7 

the catalyst is in general at least 0.05% by Weight, based on 
the total mass of the catalyst, preferably at least 0.08, 
particularly preferably at least 0.1, % by Weight. In general, 
this content is not more than 2, preferably not more than 1, 
particularly preferably not more than 0.5, % by Weight. 
LoWer or higher contents are possible but are usually 
economically unsatisfactory owing to excessively loW activ 
ity or excessively high raW material costs. 

For example, the novel catalyst may contain 0.3% by 
Weight of palladium. 

The content of the metal or metals of groups other than 
groups 8, 9 and 10 of the Periodic Table of Elements, in 
particular metals of group 11, very particularly silver and/or 
copper, in the catalyst is—if such metals are present—in 
general at least 0.01% by Weight, based on the total mass of 
the catalyst, preferably at least 0.03, particularly preferably 
at least 0.05, % by Weight. In general, this content is not 
more than 1, preferably not more than 0.7, particularly 
preferably not more than 0.5, % by Weight. LoWer or higher 
contents are possible but are usually economically unsatis 
factory oWing to excessively loW activity or excessively 
high material costs. 

The ratio of the amount of metal having hydrogenation 
activity and belonging to groups 8, 9 and 10 of the Periodic 
Table of Elements to the amount of additives or dopants is 
a parameter to be optimiZed in the speci?c case. If the 
catalyst contains palladium and silver or copper, the mass 
ratio of silver or copper to palladium is in general from 0.1 
to 5, preferably from 0.15 to 2, particularly preferably from 
0.2 to 1. If the catalyst contains palladium and silver and 
copper, in general both silver and copper are present in a 
mass ratio relative to palladium of from 0.1 to 5, preferably 
from 0.15 to 2, particularly preferably from 0.2 to 1. 

For example, the novel catalyst may contain 0.2% by 
Weight of palladium and 0.1% by Weight of silver. 

The metals, additives and/or dopants to be deposited on 
the support can be applied to the support by any knoWn 
method, for example by coating from the gas phase 
(chemical or physical vapor deposition), but the preferred 
method is impregnation With a solution of the substances 
and/or compounds to be deposited, Which are converted in 
the course of the further catalyst preparation into the sub 
stances to be deposited. The individual substances to be 
deposited can be deposited individually and/or in portions in 
a plurality of process steps or together and completely in one 
process step. Joint deposition in one impregnation stage is 
preferred. After the impregnation or after the individual 
impregnation stages, the impregnated support is dried and is 
converted into the ready-to-use catalyst by calcination and, 
if required, other knoWn aftertreatment methods (for 
example activation and subsequent surface passivation). 

Impregnation methods for depositing active components, 
additives and/or dopants on a support are knoWn. In general, 
the support is impregnated With a solution of salts of the 
components to be deposited, the volume of the solution 
being such that the solution is virtually completely absorbed 
by the pore volume of the support (incipient Wetness 
method). The concentration of the salts in the solution is 
such that, after impregnation and conversion of the impreg 
nated support into the ?nished catalyst, the components to be 
deposited are present in the desired concentration on the 
catalyst. The salts are chosen so that they do not leave 
behind any residues Which present problems during the 
catalyst preparation or the subsequent use of the catalyst. In 
general, nitrates or ammonium salts are used. 

The catalyst can, if required, also be prepared in the form 
of a coated catalyst, and methods for this purpose are knoWn. 
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8 
In such a case, the active components, additives and/or 
dopants are preferably predominantly concentrated in a coat 
Which is bounded by the outer surface of the catalyst 
molding and is not more than 2000, particularly preferably 
not more than 1000, micrometers thick. 

The novel catalyst is preferably prepared With one-stage 
impregnation of the support by the incipient Wetness method 
using a solution of the nitrates of the metals to be deposited 
in nitric acid. The concentration of the nitric acid used is at 
least so high that a clear solution is present. In general, the 
pH of the solution is not more than 5, preferably not more 
than 2, particularly preferably not more than 1. 

After the impregnation, the impregnated support is dried 
in a conventional manner, in general at above 60° C., 
preferably above 80° C., particularly preferably above 1000 
C., for example at from 120° C. to 300° C. The drying is 
continued until Water present in the impregnated support has 
essentially completely escaped, Which is generally the case 
after a feW hours. Customary drying times are from 1 to 30 
hours and are dependent on the drying temperature set, a 
higher temperature reducing the drying time. The drying can 
be further accelerated by using reduced pressure. 

After the drying, the catalyst is prepared in a conven 
tional manner by calcination. This calcination serves essen 
tially to convert the salts applied by impregnation into the 
components to be deposited or precursors of such compo 
nents and differs to this extent from the calcination described 
above, Which serves for the preparation of the support 
material and the support structure. Where metal nitrates are 
applied by impregnation, in this calcination essentially the 
nitrates are decomposed into metals and/or metal oxides, 
Which remain in the catalyst, and nitrous gases, Which 
escape. 

The calcination temperature is in general from 250° C. to 
900° C., preferably from 280° C. to 800° C., particularly 
preferably from 300° C. to 700° C. The calcination time is 
in general from 0.5 to 20, preferably from 0.5 to 10, 
particularly preferably from 0.5 to 5, hours. The calcination 
is carried out in a conventional furnace, for example in a 
rotary furnace, in a belt calciner or in a chamber furnace. The 
calcination can be carried out directly after the drying, 
Without intermediate cooling of the impregnated and dried 
support. 

After the calcination, the catalyst is in principle ready for 
use. If required or desired, it is activated in a knoWn manner 
by preliminary reduction and, if required, also surface 
passivated before it is used for the selective hydrogenation. 

The novel processes for the selective hydrogenation are 
distinguished by the use of the novel catalyst. The novel 
hydrogenation processes using the novel catalyst are gener 
ally carried out in exactly the same Way as the knoWn 
hydrogenation processes under heterogeneous catalysis 
Which serve the same purposes. They can be carried out as 
gas-phase processes under heterogeneous catalysis, in Which 
both the hydrocarbon stream and the hydrogen for hydro 
genation are present in the gas phase, or as gas/liquid-phase 
processes under heterogeneous catalysis, in Which the 
hydrocarbon stream is present at least partly in the liquid 
phase and hydrogen is present in the gas phase and/or in 
dissolved form in the liquid phase. The parameters to be set, 
such as throughput of hydrocarbon stream, expressed as 
space velocity in the unit [m3/m3*h], based on the catalyst 
volume, temperature and pressure, are chosen analogously 
to those of the knoWn processes. The temperature is usually 
from 0° C. to 180° C. and the pressure from 2 to 50 bar. 

The amount of hydrogen used, based on the amount of 
hydrocarbon stream fed in, is dependent on the content of 
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undesired unsaturated compounds in the hydrocarbon 
stream and on the type of said compounds. In general, the 
hydrogen is added in an amount of from 0.8 to 5, preferably 
from 0.95 to 2, times the amount required stoichiometrically 
for complete hydrogen conversion on passage through the 
reactor. The hydrogenation of triple bonds usually takes 
place more rapidly than that of the conjugated double bonds, 
and this in turn more rapidly than that of the unconjugated 
double bonds. This permits corresponding control of the 
process on the basis of the added amount of hydrogen. In 
special cases, for example if a high degree of isomeriZation 
of 1-butene to cis- or trans-2-butene is desired, it is knoWn 
that it is also possible to use a larger excess of hydrogen, for 
example a ten-fold hydrogen excess. The hydrogen may 
contain inert substances, for example noble gases, such as 
helium, neon or argon, other inert gases, such as nitrogen, 
carbon dioxide and/or loWer alkanes, for example methane, 
ethane, propane and/or butane. Such inert gases in the 
hydrogen are preferably present in a concentration of less 
than 30% by volume. Preferably, the hydrogen is free of 
carbon monoxide. 

The processes can be carried out in one reactor or in a 
plurality of reactors connected in parallel or in series, in each 
case in a single path or by a circulation procedure. When the 
processes are carried out in the gas/liquid phase, the hydro 
carbon stream, after passage through a reactor, is usually 
freed from gases in a separator and a part of the liquid 
obtained is recycled to the reactor. The ratio of recycled 
hydrocarbon stream to hydrocarbon stream fed into the 
reactor for the ?rst time, i.e. the re?ux ratio, is set so that the 
desired conversion is achieved under the other reaction 
conditions, such as pressure, temperature, throughput and 
amount of hydrogen. 

The intended uses of the novel processes are, for 
example, the hydrogenation of alkynenes to alkadienes, of 
alkynes, alkynenes and alkadienes to alkenes, of phenyla 
lkynes to phenylalkenes and/or of phenylalkenes to pheny 
lalkanes. 

Examples of novel processes are those: 
for the selective hydrogenation of acetylene in C2 streams 

to ethylene With-minimum formation of ethane 
(referred to beloW as process A for simpli?cation), 

for the selective hydrogenation of propyne and/or propa 
diene in C3 streams to propylene With minimum for 
mation of propane (process B), 

for the selective hydrogenation of 1-butyne, 2-butyne, 
1,2-butadiene and/or vinylacetylene in C4 streams to 
1,3-butadiene, 1-butene, cis-2-butene and/or trans-2 
butene (process C), 

for the selective hydrogenation of 1-butyne, 2-butyne, 
1,2-butadiene, 1,3-butadiene and/or vinylacetylene in 
C4 streams to 1-butene, cis-2-butene and/or trans-2 
butene, in the case of butadiene-rich C4 streams (crude 
C4 cut) or loW-butadiene C4 streams (re?ned product I) 
(process D), and 

for the selective hydrogenation of unsaturated compounds 
and/or unsaturated substituents of aromatic compounds 
in C5+ streams to more highly saturated compounds 
and/or aromatic compounds having more highly satu 
rated substituents, With minimum hydrogenation of the 
aromatic nuclei (process E), 

in each case With the use of the novel catalyst. 
Process A is usually carried out as a gas-phase process 

With a space velocity of the gaseous C2 stream of from 500 
m3/m3*h, based on the catalyst volume, to 10,000 m3/m3*h 
at from 0° C. to 250° C. and from 0.01 to 50 bar, one mole 
of hydrogen being added per mole of acetylene in the C2 
stream. 
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Process B is usually carried out as a gas-phase process or 

as a gas/liquid-phase process With a space velocity of the 
liquid C3 stream of from 1 m3/m3*h, based on the catalyst 
volume, to 50 m3/m3*h at from 0° C. to 180° C. and from 
0.01 to 50 bar, from one to tWo moles of hydrogen being 
added per mole of propyne and propadiene in the C3 stream. 

Process C is usually carried out as a gas/liquid-phase 
process With a space velocity of the liquid C4 stream of from 
1 m3/m3*h, based on the catalyst volume, to 50 m3/m3*h at 
from 0° C. to 180° C. and from 2 to 50 bar, from one to tWo 
moles of hydrogen being added per mole of butyne, 1,2 
butadiene and vinylacetylene in the C4 stream. Process C 
can be used, for example, as a selective so-called front 
end-vinylacetylene hydrogenation before a butadiene 
extraction. 

Process D is usually carried out as a one-stage or tWo 
stage gas/liquid-phase process With a space velocity of the 
liquid C4 stream of from 0.1 m3/m3*h, based on the catalyst 
volume, to 60 m3/m3*h, preferably from 1 to 50 m3/m3*h, 
at a reactor inlet temperature of from 20° C. to 90° C., 
preferably from 20° C. to 700° C., and a pressure of from 5 
to 50, preferably from 10 to 30, bar, one mole of hydrogen 
being added per mole of butyne, butadiene and vinylacety 
lene in the C4 stream. For example, the process is carried out 
in tWo stages, the butadiene content, Which is from 20 to 
80% by Weight, based on the total stream, in typical C4 
streams from steamcrackers, being reduced to a content of 
from 0.1 to 20% by Weight in the ?rst stage and to the 
desired residual content of from a feW ppm by Weight to 
about 1% by Weight in the second stage. It is also possible 
to distribute the total reaction over more than tWo reactors, 
for example three or four. The individual reaction stages can 
be operated With partial recycling of the hydrocarbon 
stream, and the re?ux ratio is usually from 0 to 30. When 
process D is carried out, isobutene is obtained essentially 
unchanged and can be separated from the C4 stream by 
knoWn methods before or after process D is carried out. 
Process D can be used, for example, as a butadiene hydro 
genation in the C4 stream (if butadiene is not to be obtained 
as the desired product) or as the selective so-called tail-end 
vinylacetylene hydrogenation after the butadiene extraction 
from the C4 stream. 

Process E is preferably carried out as a gas/liquid-phase 
process With a space velocity of the liquid C5+ stream of 
from 0.5 m3/m3*h, based on the catalyst volume, to 30 
m3/m3*h at from 0° C. to 180° C. and from 2 to 50 bar, from 
one to tWo moles of hydrogen being added per mole of bond 
to be hydrogenated in the C5+ stream. Process E can be 
carried out, for example, as a selective hydrogenation of 
pyrolysis gas, as a selective hydrogenation of ole?ns in 
reformate streams or coke furnace condensates, for the 
hydrogenation of phenylacetylene to styrene or for the 
hydrogenation of styrene to ethylbenZene. 

EXAMPLES 

All X-ray diffraction data stated Were measured With a 
Siemens diffractometer, type D 5000, using Cu-Ka radia 
tion. The measuring range for 20 Was from 10° to 70°, 
corresponding to a lattice plane spacing range of from 
510-10 m to 1.3510‘10 In The accuracy of the values 
obtained for the lattice plane spacings is 100210“10 m 
The conversion C With respect to butadiene, butenyne and 

butyne, the selectivities and the 1-butene retention (a mea 
sure of the isomeriZation activity of the catalyst) are de?ned 
as folloWs: 

U=[xS(1,3-butadiene)+xS(1,2-butadiene)+x5(1-butyne)+ 
xS(butenyne) —xP(1,3-butadiene)x—P(1,2-butadiene)x— 
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P(1 -butyne)x—P(butenyne) S(1,3-butadiene)+xS(1 ,2 
butadiene) +xS(1 -butyne) +xs(butenyne)] 

Total butene selectivity S TB= 1 - { [xP(n-butane)—xS(n 
butane)]/[xS(1 ,3-butadiene) +xS(1 ,2-butadiene)+xS(1 - 
butyne)+xS(butenyne)x—P(1,3-butadiene)x—P(1,2 
butadiene)x— P(1 -butyne)x—P(butenyne)]} 

1-butene selectivity S1B=[xP(1-butene)—xS(1 -butene) ]/[xs 
(1 ,3 -butadiene)+xS(1 ,2-butadiene)+xS(1 -butyne)+x5 
(butenyne) —x P(1 , 3-butadiene)x— P(1 ,2-butadiene)x-P 
(1 -butyne)x—P(butenyne)] 

1-butene retention R1B= 1 +{[xP(1 -butene) —x 5(1 -butene) ]/ 
[xS(1 -butene)] } , 

Where xS(A) is the mass fraction of component A in the 
starting material and xP(A) is the mass fraction of 
component A in the product. 

Comparative Examples and Examples 1 to 8 

Catalyst and Process for the Liquid-phase 
Hydrogenation of Crude C4 Cut From a 

Steamcracker (Process D, Butadiene-rich C4 
Stream) 

Comparative Example 1 

Preparation of Comparative Catalyst 1 

In a mixer, boehmite (Versal® 250, obtained from Euro 
Support, Amsterdam) Was moistened With Water, thoroughly 
Worked in an edge mill until the material Was readily 
moldable and then extruded to give 3 mm extrudates. 
Thereafter, the extrudates Were dried for 2 hours at 120° C. 
and calcined for 4hours at 1200° C. The extrudates Were 
then impregnated With a solution of Pd(NO3)2 in HNO3 
(pH=1.3) by the incipient Wetness method. The impregnated 
support Was then dried for 12 hours at 120° C. and calcined 
for 6 hours at 330° C. The palladium content of the ?nished 
catalyst Was 0.3% by Weight and its bulk density Was 1150 
g/l. Compared With the novel catalyst, the support of com 
parative catalyst 1 Was calcined for too long and at exces 
sively high temperatures. 

The catalyst had the folloWing X-ray diffraction pattern 
(only lines With I/IO§5% are shoWn): 

Lattice plane spacing d 
[10’10 m] Relative intensity I/I0 

3.48 0.45 
2.55 0.83 
2.38 0.34 
2.08 1 
1.74 0.46 
1.60 0.99 
1.51 0.09 
1.40 0.37 
1.38 0.52 

Comparative Example 2 

Preparation of Comparative Catalyst 2 

In a mixer, 70% by Weight of boehmite (Versal® 250, 
obtained from Euro Support, Amsterdam) and 30% by 
Weight of ot-Al2O3 poWder (type CT 3000 SG from Alcoa) 
Were moistened With Water, thoroughly orked in an edge mill 
until the material Was readily moldable and then extruded to 
give 3 mm extrudates. Thereafter, the extrudates Were dried 
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12 
for 2 hours at 120° C. and calcined for 2 hours at 900° C. The 
extrudates Were then impregnated With an aqueous solution 
of Pd(NO3)2 in nitric acid (pH=0.2) by the incipient Wetness 
method. The impregnated support Was then dried for 12 
hours at 120° C. and calcined for 6 hours at 330° C. The 
palladium content of the ?nished catalyst Was 0.3% by 
Weight and its bulk density Was 890 g/l. Compared With the 
novel catalyst, he support of comparative catalyst 1 Was 
calcined for an insuf?cient time and at excessively loW 
temperatures. 
The catalyst had the folloWing x-ray diffraction pattern 

(only lines With I/IO§5% are shoWn): 

Lattice plane spacing d 
[10’10 m] Relative intensity I/I0 

3.48 0.48 
2.84 0.06 
2.72 0.08 
2.55 0.86 
2.44 0.09 
2.38 0.43 
2.31 0.07 
2.28 0.07 
2.09 1 
2.02 0.08 
1.99 0.10 
1.97 0.08 
1.74 0.49 
1.60 0.96 
1.55 0.08 
1.54 0.06 
1.52 0.10 
1.51 0.14 
1.40 0.50 
1.39 0.19 
1.37 0.62 

Comparative Example 3 

Preparation of Comparative Catalyst 3 

A commercially available A1203 support (Spheralite 508E 
from Rhone-Poulenc) Was impregnated With an aqueous 
solution of Pd(NO3)2 in nitric acid (pH=0.2) by the incipient 
Wetness method. Thereafter, the impregnated support Was 
dried for 12 hours at 120° C. and calcined for 6 hours at 330° 
C. The palladium content of the ?nished catalyst Was 0.3% 
by Weight and its bulk density Was 640 g/l. Comparative 
catalyst 3 corresponds roughly to the catalysts disclosed in 
DE-A 20 59 978. 

The catalyst had the folloWing X-ray diffraction pattern 
(only lines With I/IO§5% are shoWn): 

Lattice plane spacing d 
[10’10 m] Relative intensity I/I0 

4.55 0.07 
2.73 0.25 
2.43 0.35 
2.28 0.35 
1.99 0.63 
1.95 0.40 
1.79 0.10 
1.53 0.21 
1.41 0.67 
1.39 1 



US 6,437,206 B1 
13 

Example 4 

(According to the Invention): Preparation of 
Catalyst 4 

In a mixer, boehmite (Versal® 250, obtained from Euro 
Support, Amsterdam) Was moistened With Water, thoroughly 
Worked in an edge mill until the material Was readily 
moldable and then extruded to give 3 mm extrudates. 
Thereafter, the extrudates Were dried for 2 hours at 120° C. 
and calcined for 2 hours at 1000° C. The extrudates Were 
then impregnated With a solution of Pd(NO3)2 in HNO3 
(pH=0.5) by the incipient Wetness method. Thereafter, the 
impregnated support Was dried for 12 hours at 120° C. and 
calcined for 6 hours at 330° C. The palladium content of the 
?nished catalyst Was 0.3% by Weight and its bulk density 
Was 620 g/l. 

The catalyst had the folloWing X-ray diffraction pattern 
(only lines With I/IO§5% are shoWn): 

Lattice plane spacing d 
[10’10 m] Relative intensity I/I0 

5.47 0.05 
4.54 0.10 
3.48 0.27 
2.85 0.38 
2.73 0.68 
2.55 0.62 
2.44 0.47 
2.38 0.39 
2.31 0.39 
2.26 0.35 
2.09 0.62 
2.02 0.48 
1.91 0.33 
1.80 0.15 
1.74 0.33 
1.60 0.56 
1.54 0.28 
1.51 0.20 
1.49 0.23 
1.45 0.32 
1.40 0.71 
1.39 1 
1.38 0.49 

Carrying Out the Experiments for the Liquid-phase Hydro 
genation of Crude C4 Cut From a Steamcracker 

The experiments Were carried out in a pilot plant Which 
Was equipped With an electrically heatable ?xed-bed reactor 
of 16 mm diameter and 2 m length, a preheater, a separator, 
a condenser for the reactor discharge and a liquid circula 
tion. The amount of catalyst used Was 200 ml. The crude C4 
cut Was metered in via a feed pump and mixed, at a mixing 
point, With the hydrogen fed in with How control. In the 
separator, the reactor discharge Was separated into gas and 
liquid phase, and the gas phase Was discarded. The major 
part of the liquid phase Was recycled to the reactor. Asmaller 
portion corresponding to the amount of crude C4 cut fed to 
the reactor for the ?rst time Was removed continuously from 
the separator as product. The analyses Were carried out by 
means of a gas chromatograph. 

Before the hydrocarbon Was fed to the reactor for the ?rst 
time, the catalysts Were treated With hydrogen for 12 hours 
at 120° C. and 5 bar. The plant Was then ?lled With 
selectively hydrogenated C4 cut, heated to 60° C and put 
into operation, and crude C4 cut and hydrogen Were fed in 
after the operating conditions had been achieved (pressure, 
temperature, throughput). 

The throughput through the reactor, expressed as space 
velocity of liquid hydrocarbon stream fed for the ?rst time 
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14 
to the reactor (fresh feed), Was 9.0 m3/m3 per h, and the 
temperature of the fresh feed Was set at 60° C. by means of 
the preheater. The re?ux ratio Was adjusted so that the 
temperature increase in the reactor Was from 20 to 50° C. 
The re?ux ratios set in each case are shoWn beloW. The 
pressure Was 1511 bar and the molar ratio of added hydro 
gen to butadiene present in the crude C4 cut Was brought to 
from 1.00 to 1.02. 

Comparative Example 5 
Hydrogenation Using Comparative Catalyst 1 

The re?ux ratio Was 8.2 and the compositions of crude C4 
cut and hydrogenated product Were: 

C4 cut Product 

Butadiene + butenyne + butyne [% by 43.7 1.1 
Weight] 
l-butene [% by Weight] 14.3 36.3 
trans-2-butene [% by Weight] 4.5 20.3 
cis-2-butene [% by Weight] 3.3 7.3 
isobutene [% by Weight] 23.7 23.8 
isobutane [% by Weight] 3.0 3.0 
n-butane [% by Weight] 7.2 7.8 
C5 hydrocarbons [% by Weight] 0.3 0.4 

Comparative Example 6 
Hydrogenation Using Comparative Catalyst 2 

The re?ux ratio Was 11 and the compositions of the crude 
C4 cut and hydrogenated product Were: 

C4 cut Product 

Butadiene + butenyne + butyne [% by 43.2 1.3 
Weight] 
l-butene [% by Weight] 14.4 38.4 
trans-2-butene [% by Weight] 4.4 19.0 
cis-2-butene [% by Weight] 3.0 5.7 
isobutene [% by Weight] 23.9 23.8 
isobutane [% by Weight] 3.0 3.1 
n-butane [% by Weight] 8.0 8.6 
C5 hydrocarbons [% by Weight] 0.1 0.1 

Comparative Example 7 

Hydrogenation Using Comparative Catalyst 3 
The re?ux ratio Was 8.2 and the compositions of crude C4 

cut and hydrogenated product Were: 

C4 cut Product 

Butadiene + butenyne + butyne [% by 43.7 1.5 
Weight] 
l-butene [% by Weight] 14.3 38.4 
trans-2-butene [% by Weight] 4.5 19.7 
cis-2-butene [% by Weight] 3.3 6.1 
isobutene [% by Weight] 23.6 23.6 
isobutane [% by Weight] 2.9 2.9 
n-butane [% by Weight] 7.2 7.4 
C5 hydrocarbons [% by Weight] 0.5 0.4 

Example 8 

Hydrogenation Using Catalyst 4 
The re?ux ratio Was 8.2 and the compositions of crude C4 

cut and hydrogenated product Were: 
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-continued 

C4 cut Product Lattice plane spacing d 
[10’10 m] Relative intensity I/I0 

Butadiene + butenyne + butyne [% by 46.3 1.5 5 
weight] 1.97 0.67 
1-butene [% by weight] 15.3 41.6 1.52 0.34 
trans-2-butene [% by weight] 5.1 20.4 1.40 1 
cis-2-butene [% by weight] 3.8 6.6 
isobutene [% by weight] 23.9 23.9 
isobutane [% by weight] 1.0 1.0 10 
n-butane [% by weight] 4.4 4.5 
C5 hydrocarbons [% by weight] 0.2 0.5 Comparative Example 10 

Preparation of Comparative Catalyst 6 
Discussion of the Comparative Examples and 15 

Examples 1—8 

The conversions and selectivities achieved in the hydro 
genation experiments have the following values, in mol%: 

C STB SlB 

Comparative catalyst 1 97.5 98.6 51.6 
Comparative catalyst 2 97.0 98.6 57.3 
Comparative catalyst 3 96.6 99.5 57.1 
Catalyst 4 96.8 99.8 58.7 

Comparative catalyst 1 gives an unsatisfactory total 
butene selectivity and by far the lowest and completely 
unsatisfactory l-butene selectivity. Comparative catalyst 2 
likewise gives an unsatisfactory total butene selectivity with 
minimally lower conversion, but a signi?cantly higher, 
although not yet satisfactory, l-butene selectivity. Compara 
tive catalyst 3 gives a very substantially improved total 
butene selectivity and the same l-butene selectivity with 
minimally lower conversion. The novel catalyst 4 gives a 
further improved total butene selectivity and a substantially 
improved l-butene selectivity for a comparable conversion. 
With the novel catalyst, both the undesired overhydrogena 
tion to n-butane is suppressed to the greatest extent and the 
desired product l-butene is obtained in the best yield. 

Comparative Examples and Examples 9 to 14 

Catalyst and Process for the Liquid-phase 
Hydrogenation of a C4 Stream From a 

Steamcracker After a Butadiene Extraction (Process 
D, Low-butadiene C4 Stream) 

Comparative Example 9 

Preparation of Comparative Catalyst 5 

Example 1 from EP-A 653243 was reworked, but the 
palladium content was brought to 0.3% by weight. The 
catalyst had a bulk density of 380 g/l. 

The catalyst had the following X-ray diffraction pattern 
(only lines with I/IO§5% are shown): 

Lattice plane spacing d 
[10’10 m] Relative intensity I/I0 

2.64 0.43 
2.42 0.56 
2.29 0.50 
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A commercially available A1203 support (Spheralite 508E 
from Rhone-Poulenc) was impregnated with an aqueous 
solution of Pd(NO3)2 and AgNO3 in nitric acid (pH=0.2) by 
the incipient wetness method. Thereafter, the impregnated 
support was dried for 12 hours at 120° C. and calcined for 
6 hours at 330° C. The palladium content of the prepared 
catalyst was 0.2% by weight, its silver content was 0.1% by 
weight and its bulk density was 640 g/l. Comparative 
catalyst 3 corresponds roughly to the catalysts disclosed in 
DE-A 31 19 850. 

The catalyst had the following X-ray diffraction pattern 
(only lines with I/IO§5% are shown): 

Lattice plane spacing d 
[10’10 rn] Relative intensity I/I[J 

4.50 0.06 
2.74 0.23 
2.43 0.37 
2.28 0.35 
1.99 0.64 
1.95 0.42 
1.79 0.11 
1.52 0.24 
1.40 0.76 
1.39 1 

Example 11 

(According to the Invention): Preparation of 
Catalyst 

In a mixer, boehmite (Versal® 250, obtained from Euro 
Support, Amsterdam) was moistened with water, thoroughly 
worked in an edge mill until the material was readily 
moldable and then extruded to give 3 mm extrudates. 
Thereafter, the extrudates were dried for 2 hours at 120° C. 
and calcined for 2 hours at 1000° C. The extrudates were 
then impregnated with an aqueous solution of Pd(NO3)2 and 
AgNO3 in nitric acid (pH=0.5) by the incipient wetness 
method. Thereafter, the impregnated support was dried for 
12 hours at 120° C. and calcined for 6 hours at 330° C. The 
palladium content of the prepared catalyst was 0.2% by 
weight, its silver content was 0.1% by weight and its bulk 
density was 620 g/l. 

The catalyst had the following X-ray diffraction pattern 
(only lines with I/IO§5% are shown): 



US 6,437,206 B1 
17 18 

Lattice plane spacing d C4 cut Product 
[10’10 rn] Relative intensity I/I0 

5 Butadiene + butenyne + butyne 0.43 0.001 
5.47 0.05 [% by Weight] 
4.54 0.10 1-butene [% by Weight] 25.1 20.8 
3.48 0.27 trans-2-butene [% by Weight] 7.8 10.2 
2.85 0.38 cis-2-butene [% by Weight] 5.4 7.2 
2.73 0.68 isobutene [% by Weight] 42.3 42.2 
2.55 0.62 10 isobutane [% by Weight] 4.8 4.6 
2.44 0.47 n-butane [% by Weight] 14.0 14.8 
2.38 0.39 C5 hydrocarbons [% by Weight] 0.2 0.2 
2.31 0.39 
2.26 0.35 
2.09 0.62 

2.02 0.48 15 Example 14 
1.91 0.33 

180 015 H dro enation Usin Catal st 7 1.74 0.33 y g g y 

1-60 0-56 The molar ratio of hydrogen to butadiene in the re?ned 
853 product I Was 1.4 and the compositions of re?ned product I 

1:49 0:23 20 and hydrogenated product Were: 
1.45 0.32 
1.40 0.71 
1.39 1 

1'38 0'49 C4 cut Product 

25 . 
. . . . B t d + b t + b t 0.55 0.001 

Carrying Out the Experiments for the Liquid-phase Hydro- [OZ iyligzighqu enyne u yne 
genation of a C4 Stream from a Steamcracker, After Buta- rbutene [% by Weight] 23.9 23.4 
diene EXII‘ZICIIOH trans-2-butene [% by Weight] 8.1 8.7 

The experiments Were carried out in the pilot plant _C1S'2'butene [07” by Yvelght] 5-7 6-0 
described before Example 5 and already used for the experi- 3O lsobutene [% by Welght] 43'6 43'7 

f the li uid- hase h dro enation of crude C4 cut in lsobutane [% by Weflght] 4'5 4'4 ments or q p _ y g ’ n-butane [% by Weight] 13.5 13.6 
the same Way as the experiments of Examples 5 to 8, except (:5 hydrocarbons [% by Weight] Q15 02 
that a C4 stream (re?ned product I) freed from butadiene by 
a conventional extraction method Was used instead of crude 

' 3 3 

C4 Cut’ that the Space veloclt-y Was 15 m / per h and the 35 Discussion of the Comparative Examples and 
pressure Was 12 bar (except in Example 14. 9 bar) and that E 1 9 14 
the ratio of hydrogen to butadiene differed and is stated in Xamp es _ 

the lndlvldual _eXamP1e5- Thls ratlo Was Set 50 that a buta- The conversions, total butene selectivities and values for 
diene' conversion of 99.8%, corresponding to a residual the Lbutene retention, in m01%, achieved in the hydroge_ 
buta‘llene Cement of 10 ppm’ resulted under the Qther 4O nation experiments and the increase in n-butane InB, a 
reaCt1°¥1‘?°nd1g1°nS-_T?e rle?ux fancilwas brought to 121m all measure of the overhydrogenation, in % by Weight, have the 
cases,' it IS su stantia ~y oWer in t~ese experiments t an in following Values: 
experiments 5 to 8, since substantially less heat of hydro 
genation is produced. 

Comparative Example 12 
Hydrogenation Using Comparative Catalyst 45 c 5TB R1B InB 

The molar ratio of hydrogen to butadiene in the re?ned _ 
d t I Was 5 2 and the com ositions of re?ned roduct Comparanve Catalyst 5 99's _310 4O'6 2'2 

pro uc ' ’ p p Comparative catalyst 6 99.8 —91 82.8 0.8 
I and hydrogenated product Were: catalyst 7 99_s 76 980 0.1 

50 

Comparative catalyst 5 has comparatively loW 1-butene 
Re?ned retention and a comparatively high overhydrogenation of 
Prod“CtI Product 2.2% by Weight to n-butane. Comparative catalyst 6 has a 

Butadiene + butenyne + butyne 053 0001 substantially higher but nevertheless unsatisfactory 1-butene 
[% by Weight] 55 retention and substantially reduced but nevertheless unsat 
l-butene [% by Weight] _ 27-0 11-0 isfactory overhydrogenation With the same conversion. The 
tfans'z'butene [% by Wight] 100 18'7 novel catalyst 7 on the other hand has good selectivity and 
cis-2-butene [% by Weight] 5.2 11.2 . 
isobutene [% by Weight] 428 426 a loW level of overhydrogenation. 
isobutane [% by Weight] 3.1 3.0 
n-butane [% by Weight] 11.0 13.2 60 Example 15 
C5 hydrocarbons [% by Weight] 0.4 0.3 

Process for Removing Butadiene From Crude C4 

Comparative Example 13 Cut by Selective TWo-stage Liquid-phase 
. . . Hydrogenation (Process D, Butadiene-rich C4 Hydrogenation Using Comparative Catalyst Stream) 

The molar ratio of hydrogen to butadiene in the re?ned 65 
product I Was 2.9 and the compositions of re?ned product I 
and hydrogenated product Were: 

Crude C4 out Was hydrogenated in the pilot plant 
described before Example 5 and in the manner described 
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there but With a space velocity of 9.0 m3 per m3 per h, and 
a re?ux ratio of 8.2 and at 60° C. and 15 bar and With a molar 
ratio of hydrogen to butadiene contained in the crude C4 
stream of 1.00, using catalyst 4. The product Was then 
hydrogenated in a further plant Which differed from the ?rst 
one through a lack of recycling, in the same manner but With 
a space velocity of 15 m3 per m3 per h, at 60° C. and 9 bar 
and With a molar ratio of hydrogen to butadiene contained in 
the product of the ?rst stage of 1.4, using catalyst 7. 

The compositions of crude C4 cut and products Were: 

[% by Weight] C4 cut 1st stage 2nd stage 

Butadiene + butenyne + butyne 46.3 0.48 0.001 
1-butene 15.3 39.5 38.7 
trans-2-butene 5.1 22.4 23.0 
cis-2-butene 3.8 7.7 8.3 
isobutene 23.9 23.9 23.9 
isobutane 1.0 1.0 1.0 
n-butane 4.4 4.7 4.8 
C5 hydrocarbons 0.2 0.3 0.3 

Over both stages, a conversion C of 99.8%, a selectivity 
STE of 99.1% and a selectivity S15 of 50.5% With an 
n-butane formation InB of 0.4% Were achieved. 
We claim: 
1. A catalyst Which comprises at least one metal having 

hydrogenation activity on an alumina carrier and, in the 
unused state, shoWs re?ections in the X-ray diffraction 
pattern Which correspond to the folloWing lattice plane 
spacings: 

Lattice plane spacing d 
[10’10 m] Relative intensity ML7 

4.52 0.05 {O 0.1 
2.85 0.35 {O 0.45 
2.73 0.65 {O 0.8 
2.44 0.45 {O 0.55 
2.31 0.35 {O 0.45 
2.26 0.35 {O 0.45 
2.02 0.45 {O 0.6 
1.91 0.3 {O 0.4 
1.80 0.1 {O 0.25 
1.54 0.25 {O 0.35 
1.51 0 {O 0.35 
1.49 0.2 {O 0.3 
1.45 0.25 {O 0.35 
1.39 1 

2. A catalyst as claimed in claim 1, Which, in the unused 
state, shoWs at least one additional re?ection in the X-ray 
diffraction pattern Which corresponds to one of the folloWing 
lattice plane spacings [in 10-10 m]: 3.48, 2.55, 2.38, 2.09, 
1.78, 1.74, 1.62, 1.60, 1.57, 1.42, 1.40 and 1.37. 

3. A catalyst as claimed in claim 1, the metal having 
hydrogenation activity or the metals having hydrogenation 
activity being a metal or metals from group 8, 9 or 10 of the 
Periodic Table of Elements. 
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4. A catalyst as claimed in claim 1, the metal having 

hydrogenation activity being platinum and/or palladium. 
5. A catalyst as claimed in claim 4, the metal having 

hydrogenation activity being palladium and being contained 
in an amount of at least 0.05% by Weight and not more than 
2% by Weight, based on the total Weight of the catalyst. 

6. Acatalyst as claimed in claim 1, the catalyst comprising 
at least one metal of group 11 of the Periodic Table of 
Elements in addition to the metal having hydrogenation 
activity. 

7. A catalyst as claimed in claim 6, the metal of group 11 
of the Periodic Table of Elements being copper and/or silver. 

8. A catalyst as claimed in claim 7, the metal of group 11 
being silver and being contained in an amount of at least 
0.01% by Weight and not more than 1% by Weight, based on 
the total Weight of the catalyst. 

9. Aprocess for the preparation of a catalyst described in 
claim 1 by treating an aluminum-containing raW material 
With Water, dilute acid or dilute base, shaping to give 
moldings, drying the moldings, calcining the dried 
moldings, impregnating the calcined moldings With solution 
containing the at least one metal having hydrogenation 
activity to be deposited, drying the impregnated moldings 
and ?nishing the catalyst by calcining the impregnated and 
dried moldings, Wherein the dried moldings are calcined at 
above 9000 C. and beloW 1100° C. 

10. A process as claimed in claim 9, Wherein the dried 
moldings are calcined over a period of at least 0.5 hour and 
not more than 5 hours. 

11. A process for the selective hydrogenation of unsatur 
ated compounds in hydrocarbon streams in the gas or liquid 
phase at from 0° C. to 180° C. and from 2 to 50 bar, Wherein 
the selective hydrogenation is carried out in one or more 
reaction stages, comprising contacting the hydrocarbon 
stream With the catalyst described in claim 1 in at least one 
reaction stage. 

12. A process as claimed in claim 11, Wherein acetylene 
in a C2 stream is hydrogenated selectively to ethylene. 

13. A process as claimed in claim 11, Wherein propyne 
and/or propadiene in a C3 stream are hydrogenated selec 
tively to propylene. 

14. A process as claimed in claim 11, Wherein 1-butyne, 
2-butyne, 1,2-butadiene and/or vinylacetylene in a C4 
stream are hydrogenated selectively to 1,3-butadiene, 
1-butene, cis-2-butene and/or trans-2-butene. 

15. A process as claimed in claim 11, Wherein 1-butyne, 
2-butyne, 1,2-butadiene, 1,3-butadiene and/or vinylacety 
lene in a C4 stream are hydrogenated selectively to 1-butene, 
cis-2-butene and/or trans-2-butene. 

16. Aprocess as claimed in claim 11, Wherein unsaturated 
compounds and/or unsaturated substituents of aromatic 
compounds in a C5+ stream are hydrogenated selectively to 
more highly saturated compounds and/or aromatic com 
pounds having more highly saturated substituents. 


